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(54) ORGANIC ELECTROLUMINESCENCE DEVICE 

(57) The invention provides an organic EL device 
with improved luminous efficiency. The device has a 
structure comprising an inorganic non-degenerate sem- 
iconductor layer 12, an organic light-emitting layer 14 
and a counter electrode 1 6 as formed in that order on a 
lower electrode 1 0, in which the inorganic non-degener- 
ate semiconductor layer 12 is formed of an amorphous 
material of In-Zn- Al-O and its band gap energy is 2.9 eV. 
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[0001 1 T*e present invention relates to an organic electroluminescent device (hereinafter referred toas "an organic 
ELdelrice"). More precisely, H relates to an organic EL device suitable to light sources for displays, pnnter heads and 
others for domestic and industrial use. 

BACKGROUND nFTMF INVENTION 

[00021 Some conventional organic EL devices are disclosed in Reference 1 "Japanese Patent ^-°P 8 "J *»; 
3^73/1989" Reference 2 "Japanese Patent Laid-Open No. 207488/1990". Reference 3 "Japanese Patent Lad<*en 
No SS993" «3 Reference* -Japanese Patent Laid-Open No. 1 19973/1994". The organic 
"thcie references have a laminate structure comprising an inorganic semiconductor layer that serves as a "°"e.n|ec- 
S X* %™ electron injerton layer, and an organic light-emitting «ayer. In those, the inorgamc ^'^uctorjayer 
is dSed less than the organic layer. With the structure of that type, the organic EL dev,ces could have a prolonged 

'roooai in Reference 1, amorphous materials of lll-V Group or ll-V Group, for example, represented by Si^C, or 
crvsta line materials such as Cul, CuS, As, ZnTe and the like are used for the inorganic semiconductor layer. 
5S3 ?n Reference 3 and Reference 4, disclosed are examples of using crystalline oxide semiconductor matenals 
such as typically CuoO for the inorganic semiconductor layer. . . 

Sosi H^veve?in the organic EL devices disclosed in Reference 1 and Reference 2, *"^«^™"^ 
ayar of a crystalline material such as Cul or the like generally has a po.ycrystall.ne morp hotogy. * *<^*^" 
of L DolycrystalBne, inorganic semiconductor layer has poor planarity. having a surface roughness °< *e oreJer of 
^nd 50 n^mo%. In those, therefore, when a thin film of an organic fight-emitting layer is formed on the pcfycrys- 
S?inoSn£ ^conductor layer, the projections of the rough surface of the inorgan^cc^u^e^uW 
oWpeneSaVe through the thin film. In that case, the '"organic semiconductor 1^ 
on th .organic light-emitting layer to give a leak current Even if W°"<* M ™™ A ™*^ 
of he roSgh surface of the inorganic semiconductor layer will yield the concaitrat.cn 

thereby also giving a leak current For these reasons, the conventional organs EL devices have the problem of the low 

ST tISThelnSanic semiconductor layer, it is heated at a temperature ^^T^TT^r 
wWch the organic ^-emitting layer is stable and safe. Therefore, the light-emitting layer shall be formed after the inor- 

^T'^n^SThe^c eT Sees disclosed in Reference 1 and Reference 2. the energy gap ofthe amor- 
Xmateria^ 

SaTc^a £ ^ alighfeS material of aluminium complexes or stilbene derivatives is larger than 2.6 eVJ*a resuK 
S excited state having been produced in the organic light-emitting layer is ^^^^f d ^ZTZ 
from the organic light-emitting layer to the inorganic semiconductor layer. Accordingly, the organic EL devices have the 

Ko4T * vVnaTTs ^SlnShous silicon materials (e.g. . a-Si , a-SC) are used for the in^ganic semiconduc- 
Stayer in *ose organic EL devices. Ine local level attributed to the dangling bonds in the energy band gap will be on 
rSS o"^. m thai condition, even if the band gap energy is large, the excited state w,B be quenched 
SnTto^oca. level. Accordingly, the organic ELd*rices have the problem of the low J*^^. 4 are 
[00091 On the other hand, oxide conductors such as C Ua O and others used in Reference 3 and ' ^ en " 4 ^ 
crysta line substances. In those, the cockle conductors such as Cu s O and others are baked at h£h ^^resfS 
Sefore generally have a polycrystalline morphology. Accordingly, for the same reasons as in the case Reference 
f an^^e^2 nSed above, the organic EL devices in Reference 3 and Reference 4 also have the problem of the 
iJlur^^sXencylnThalthe rough surface of the po.ycrysta.line, inorganic semiconductor layer in thosa organ,c 

[O^TTS^uTorC^ noted above, we. the present inventors have achieved the invention. The 
object of the invention is to provide an organic EL device with high lummous efficiency. 

DISCLOSURE OF THE INVENTION 

[001 1 1 To attain the object, the organic EL device of the invention has a structure of a first electrode layer aninor- 
ganic non -degenerate semiconductor layer, at least one organic layer including a light-emrttmg layer, and a second 
electrode layer as laminated in that order, and is characterized in that; 
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the inorganic non-degenerate semiconductor layer includes an amorphous material or a macrocrystalline material, 
and its band gap energy is higher than that of the organic fight-emitting layer. 

[0012] In the organic EL device of the invention, the inorganic non-degenerate semiconductor layer includes an 
5 amorphous material or a microcrystailine material. Accordingly, in this, the surface of the inorganic non-degenerate 
semiconductor layer is pianarized. As a result, in this, the inorganic non-degenerate semiconductor layer with no sur- 
face roughness is prevented from producing a leak current. Accordingly, the luminous efficiency of the organic EL 
device with that structure is improved. 

[001 3] In the organic EL device of the invention, the band gap energy of the inorganic non -degenerate semiconduc- 
70 tor layer is higher than that of the organic light-emitting layer. As a result, in the organic EL device, the excited state hav- 
ing been produced in the organic light-emitting layer is prevented from being quenched through energy transfer from 
the organic light-emitting layer to the inorganic non-degenerate semiconductor layer. Accordingly, the luminous effi- 
ciency of the organic EL device with that structure is improved. 

[001 4] In the organic EL device of the invention, the band gap energy of the inorganic non -degenerate semiconduc- 
75 tor layer preferably falls between 2.7 eV and 6 ev*. 

[0015] As so mentioned hereinabove, the energy gap of the organic light-emitting layer including a light-emitting 

material of aluminium complexes or stilbene derivatives is larger than 2.6 eV. Therefore, in the organic EL device of the 

invention in which the band gap energy of the inorganic non-degenerate semiconductor layer is at least 2.7 eV t the 

excited state of the organic light-emitting layer is prevented from being quenched. 
20 [001 6] Also preferably, in the organic EL device of the invention, the inorganic non-degenerate semiconductor layer 

is for hole conduction. Specifically, in this, the inorganic non-degenerate semiconductor layer may function as a hole 

injection layer. 

[001 7] Also preferably, in the organic ELdevice of the invention, the inorganic non-degenerate semiconductor layer 
is for electron conduction. Specifically, in this, the inorganic non-degenerate semiconductor layer may function as an 
25 electron injection layer. 

[0018] In carrying out the invention, it is also preferable that the inorganic non -degenerate semiconductor layer in 
the organic EL device comprises, as the main component, an oxide or oxynitride of at least one element of Ba (barium), 
Ca (calcium), Sr (strontium), Yb (ytterbium), AJ (aluminium), Qa (gallium), in (indium), U (lithium), Na (sodium), Cd (cad- 
mium), Mg (magnesium), Si (silicon), Ta (tantalum), Sb (antimony) and Zn (zjnc). 
30 [001 9] in carrying out the invention, it is more preferable that the inorganic non-degenerate semiconductor layer in 
the organic EL device is of an oxide or oxynitride of an element combination of any of a combination of In and Zn, a 
combination of In, Zn and Al, a combination of Al, Zn and Si, a combination of in, Zn and Yb, a combination of in, Zn 
and Ta or the like. 

[0020] in the invention, it is also preferable that the carrier concentration in the inorganic non-degenerate semicon- 

35 ductor layer falls between 10 19 cm" 3 and 10 12 cm" 3 . 

[0021] In the organic EL device in which the carrier concentration in the inorganic non-degenerate semiconductor 
layer is so reduced as to fail within the defined range, the possibility of interaction between the inorganic semiconductor 
and the excited states of the organic light-emitting layer is reduced. As a result, the luminous efficiency of the organic 
EL device is prevented from being lowered. 

40 [0022] In the invention, it is still desirable that the local level density in the inorganic non-degenerate semiconductor 
layer is smaller than 1 0 1 7 cm" 3 . 

[0023] in the organic ELdevice in which the local level density in the inorganic non-degenerate semiconductor layer 
is smaller than 10 17 cm" 3 , the local level of that order does not cause inactivation of the excited state of the organic light- 
emitting layer. 

46 [0024] in the invention, it is further desirable that the inorganic non-degenerate semiconductor layer is of an oxide 
of essentially In. 

BRIEF DESCRIPTION OF THE DRAWING 
so [0025] 

Fig. 1 is a cross-sectional view for one embodiment of the organic EL device of the invention. In Fig. 1 , a reference 
numeral 10 indicates a lower electrode for a first electrode layer; a reference numeral 12 indicates an inorganic 
non<Iegenerate semiconductor layer; a reference numeral 1 4 indicates an organic fight- emitting layer; a reference 
55 numeral 16 indicates a counter electrode for a second electrode layer; and a reference numeral 100 indicates an 
organic EL device. 
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BEST MODES FDR CARRYING OUT THE INVENTION 

[0026] Embodiments of the invention are described hereinunder, with reference to the drawing. In the reference 
drawing, the size, the shape and the configuration of the constituent components are graphically shown to such a 
5 degree that the invention is easy to understand from them. Therefore, the invention is not limited to the illustrated case. 
In the drawing, the hatching to show the cross section is partly omitted. 

[0027] First referred to is Fig. 1 . This shows the structure of an organic EL device 1 00, which is one embodiment of 
the invention. The organic EL device 100 is so constructed that a lower electrode 10 for a first electrode layer, an inor- 
ganic non-degenerate semiconductor layer 12, an organic fight-emitting layer 14, and a counter electrode 16 for a sec- 

io ond electrode layer are laminated in that order. 

[0028] In this, the inorganic non-degenerate semiconductor layer 12 includes an amorphous material or a microc- 
rystalline material. The surface of the inorganic non-degenerate semiconductor layer of such an amorphous or microc- 
rystalline material can be planarized. As a result, the inorganic non-degenerate semiconductor layer with no surface 
roughness is prevented from producing a leak current. Accordingly, the luminous efficiency of the organic EL device 

is with that structure is improved. 

[0029] The condition of the inorganic semiconductor (for example, the amorphous or microcrystalhne condition 
thereof) can be identified, for example, through X-ray analysis, 

[0030] In addition, in the organic EL device illustrated, the band gap energy of the inorganic non-degenerate sem- 
iconductor layer 12 is higher than that of the organic light-emitting layer. Concretely, it is preferable that the band gap 

20 energy of the inorganic non-degenerate semiconductor layer 12 fells between 2.7 eV and 6 eV 

[0031 ] In the organic EL device where the band gap energy of the inorganic non-degenerate semiconductor layer 
is large, the excited state having been produced in the organic light-emitting layer 14 is prevented from being quenched 
by the energy transfer from the organic light-emitting layer to the inorganic non-degenerate semiconductor layer 12. 
Accordingly, the luminous efficiency of the organic EL device with that structure is improved. 

25 [0032] Tne band gap energy can be obtained, for example, by reading the wavelength at the absorption edge in the 
transmission spectrum of the layer. 

[0033] In the organic EL device, the inorganic non-degenerate semiconductor layer 1 2 may be for hole conduction 
so that it may function as a hole injection layer. In this case, the lower electrode 10 is an anode and the counter elec- 
trode 16 is a cathode 

30 [0034] Alternatively, in this, the inorganic non-degenerate semiconductor layer 12 may be for electron conduction 
so that it may function as an electron injection layer, in this case, the lower electrode 10 is a cathode and the counter 
electrode 16 is an anoda 

[0035] In carrying out the invention, it is preferable that the inorganic non-degenerate semiconductor layer 1 2 in the 
organic EL device comprises, as the main component, an oxide or oxynrtride of, for example, at least one element of Yb 
35 (ytterbium). Al (aluminium), Qa (gallium), In (indium), 2n (zinc). Cd (cadmium), Mg (magnesium), Si (silicon), Ta (tanta- 
lum) and Sb (antimony). 

[0036] Concretely, it is preferable that the oxide or oxynitride is of an element combination of any of a combination 
of In and Zn, a combination of Al, Zn and Sb, a combination of In, Zn and Yb, of a combination of In, Zn and Ta. 
[0037] in this embodiment illustrated, the carrier concentration in the inorganic non-degenerate semiconductor 
40 layer 12 falls between 10 19 cm" 3 and 10 12 cm" 3 . 

[0038] With the carrier concentration in the semiconductor layer therein being reduced so, the luminous efficiency 
of the organic EL device is prevented from being lowered. 

[0039] As opposed to this, if the inorganic semiconductor for the layer has a high carrier concentration, for example, 
the layer is of a non-degenerate semiconductor having a carrier concentration of higher than 10 cm' , the carriers in 
45 the layer wilt interact with the excited state having been produced in the organic light- emitting layer whereby the lumi- 
nous efficiency of the organic EL device will be lowered. 

[0040] The carrier concentration can be measured, for example, by using the hole effect of the layer. 
[0041] In this embodiment illustrated, the local level density in the inorganic non-degenerate semiconductor layer 
1 2 is made smaller than 1 0 17 cm" 3 . With its density being smaller than 1 0 1 7 cm" 3 , the local level in the semiconductor 
so layer causes little quenching of the excited state of the organic light-witting layer. 

[0042] The local level density can be obtained from the data of current-vottage-capatitance of the inorganic non- 
degenerate semiconductor for the layer. 

[0043] In the organic EL device of the invention, it is preferable thai the organic light-emitting layer is for hole con- 
duction. 

55 [0044] Example 1 of the invention is described below. 



4 



EP 0 993 236 A1 



[Example 1J 

[0045] In the organic EL device of Example 1, the lower electrode is a transparent electrode. 

[0046] To fabricate the organic EL device of Example 1 , first formed was an ITO film having a thickness of 1 00 nm 

5 on a glass substrate having a thickness of 1 mm and an area size of 25 mm x 75 mm. The combination of the glass 
substrate and the ITO film serves as the substrate herein. Next, the substrate was uftrasonically washed with isopropyl 
alcohol. Then, the substrate was dried in an H 2 (nitrogen gas) atmosphere, and washed with a combination of UV (ultra- 
violet rays) and ozone for 30 minutes. In Example 1 , the lower electrode thus formed serves as an anode. 
[0047] Next, the substrate was set in a chamber of a vapor deposition-sputtering device from Nippon Vacuum Co. 

io In this, an inorganic non-degenerate semiconductor layer was formed on the ITO film through sputtering (ICNS). For the 
sputtering, sintered InZnO and AJ2O3 were the targets. For these, the atomic ratio of In to In, Zn and Al was 0.6 as one 
example. The atomic ratio of Al to In, Zn and Al was 0.1 as one example. 

[0048] During the sputtering, a mixed gas of argon gas/oxygen gas (2.0/1 by volume) was introduced into the cham- 
ber. The sputtering conditions were as follows: The vacuum degree in the chamber was 3 x 10* 4 Pa, the output power 

is was 50 W, the RF frequency was 1 3.56 MHz, and the cathode voltage was 400 V. 

[0049] In Example 1, the inorganic non-degenerate semiconductor layer formed through vapor deposition was of 
an oxide of in-Zn-Ai-O, having a thickness of 200 nm. The oxide has hole conductivity and is transparent. 
[0050] Next, on the inorganic non-degenerate semiconductor layer, formed was an organic light-emitting layer of 8- 
hydroxyquinoline/Al. complex (Alq complex), which is an electron-transporting organic compound, through vacuum 

20 evaporation. The thickness of the layer was 60 nm. 

[0051] On the organic light-emitting layer, formed was a counter electrode of AI:U alloy through vacuum evapora- 
tion. The thickness of the layer was 200 nm. In Example 1 . the counter electrode serves as a cathode. 
[0052] Through the process as above, fabricated was an organic EL device of Example 1 . 
[0053] The band gap energy of the inorganic non-degenerate semiconductor layer in the organic EL device of 

25 Example 1 was 2.9 eV, as in Table 1 below. To measure the band gap energy of the inorganic non-degenerate semicon- 
ductor layer, the oxide constituting the layer was subjected to transmission spectrometry, and the energy corresponding 
to the wavelength of the absorption end was read in the transmission spectrum of the oxide layer. 
[0054] The specific resistance of the inorganic non-degenerate semiconductor layer was measured, and was 1 x 
10 O * cm. The inorganic non -degenerate semiconductor layer was subjectedio X-ray drrfractiometry, through which the 

30 l^yer was found amorphous. 

[0055] A constant voltage of 6 V was applied between the lower electrode and the counter electrode to drive the 
device at the constant voltage. In that condition, the device gave an initial luminance of 100 cd/m 2 , and its luminous effi- 
ciency was 1.2 m/W. 

[0056] On the other hand, the device driven at a constant voltage of 7.5 V gave an initial luminance of 1 70 cd/m 2 , 
35 and its half lifetime was 750 hours. Hie half lifetime as referred to herein is meant to indicate the time taken by the 
device before its initial luminance is reduced to a half thereof. 

[Example 2] 

40 [0057] Example 2 of the invention is described. The structure of the organic EL device of Example 2 is the same as 
that of the device of Example 1. In Example 2, however, an oxide layer of In-Zn-Si-O serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
[0058] For the sputtering, the atomic ratio of In to In, Zn and Si was controlled to fall between 0.57 and 0.6, and the 
atomic ratio of Si to In, Zn and Si was to fall between 0.1 and 0.23. The other conditions for the sputtering were the same 

46 as those in Example 1 . 

[0059] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 2 was 
2.9 eV, as in Table 1 below. The specific resistance of the layer was 1 x 10 2 n - cm Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 

[0050] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
so condition was 1 .21 m/W. The half lifetime of the device was 800 hours. 

[Example 3] 

[0061 ] Example 3 of the invention is described. The structure of the organic EL device of Example 3 is the same as 
ss that of the device of Example 1 . In Example 3, however, an oxide layer of In-Zn-Mg-O serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent 
[0062] For the sputtering, the atomic ratio of In to In, Zn and Mg was controlled to fall between 0.57 and 0.6, and 
the atomic ratio of Mg to In, Zn and Mg was to fall between 0.1 and 0.23. The other conditions for the sputtering were 
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the same as those in Example 1 

[0063] The band gap energy of the inorganic non -degenerate semiconductor layer in the device of Example 3 was 

3.0 eV, as in Table 1 below. The specific resistance of the layer was 2 x 1 0 n • cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found microcrystalline. 

5 [0064] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was i .51 m/W. The half lifetime of the device was 1200 hours. 

[Example 4] 

w [0065] Example 4 of the invention is described. The structure of the organic EL device of Example 4 is the same as 
that of the device of Example 1 . In Example 4 f however, an oxide layer of tn-Zn-Yb-O serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
[0066] For the sputtering, the atomic ratio of In to In, Zn and Yb was controlled to fell between 0.57 and 0.6, and the 
atomic ratio of Yb to In, Zn and Yb was to fall between 0.1 and 0.23. The other conditions for the sputtering were tne 

is same as those in Example 1 . 

[0067] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 4 was 

3.1 eV, as in Table 1 below, "me specific resistance of the layer was 3 x 10" 1 n • cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 

[0068] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of me device driven in that 
20 condition was 1 .01 m/W. Tne half lifetime of the device was 650 hours. 

[Examples] 

[0069] Example 5 of the invention is described. The structure of the organic EL device of Example 5 is the same as 
25 that of the device of Example 1. In Example 5, however, an oxide layer of ln-Ga-Si-0 serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
[0070] For the sputtering, the atomic ratio of In to In, Ga and Si was controlled to fall between 0.57 and 0.6, and the 
atomic ratio of Si to In, Ga and Si was to fall between 0.1 and 0.23. The other conditions for the sputtering were tfie 
same as those in Example 1 . 

$o [0071 ] "me band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 5 was 
3.0 eV, as in Table 1 below. The specffic resistance of the layer was 3 x 10" 2 n * cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found microcrystalline. 

[0072] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 0.91 m/W. The half lifetime of the device was 700 hours. 

35 

[Example 6] 

[0073] Example 6 of the invention is described. The structure of the organic EL device of Example 6 is the same as 
mat of the device of Example 1. In Example 6, however, an oxide layer of In-Ga-AI-O serving as the inorganic non- 
40 degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
[0074] For the sputtering, the atomic ratio of In to In, Ga and Al was controlled to fell between 037 and 0.6, and the 
atomic ratio of Al to in, Ga and Al was to fall between 0.1 and 0.23. The other conditions for the sputtering were the 
same as those in Example 1 . 

[0075] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 6 was 
45 2.9 eV, as in Table 1 below. The specific resistance of the layer was 1 x 1 0 n • cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found microcrystalline. 

[0076] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 1 .31 m/W. The half lifetime of the device was 720 hours. 

so [Example 7] 

[0077] Example 4 of the invention is described. The structure of the organic EL device of Example 2 is the same as 
that of the device of Example 1. In Example 2, however, an oxide layer of In-Zn-Ta-O serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
55 [0078] For the sputtering, the atomic ratio of In to in, Zn and Ta was controlled to fell between 0.57 and 0.6, and the 
atomic ratio of Ta to In, Zn and Ta was to fell between 0.1 and 0.23. The other conditions for the sputtering were the 
same as those in Example 1 . 

[0079] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 7 was 
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22.8 eV. as in Table 1 below. The specific resistance of the layer was 7 x 10 n • cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 

[0080] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 1.21 m/W. The half lifetime of the device was 450 hours. 

5 

[Example 8] 

[0081] Example 8 of the invention is described. The structure ol the organic EL device of Example 8 is the same as 
that of the device of Example 1 . In Example 8, however, an oxide layer of In-Zn-Si-O-N serving as the inorganic non- 
70 degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent 
[0082] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 8 was 
3.1 eV t as in Table 1 below. The specif ic resistance of the layer was 7 x 10 3 n*cra Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 

[0083] A constant voltage of 7.5 V was appPed to the device, and the luminous efficiency of the device driven in that 
is condition was 1 .41 m/W. The half lifetime of the device was 2000 hours. 

[Example 9] 

[0084] Example 9 of the invention is described. The structure of the organic EL device of Example 9 is the same as 
20 that of the device of Example 1. In Example 9, however, an oxide layer of In-Zn-AMD-N serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent 
[0085] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 9 was 
3.1 eV, as in Table 1 below. The specific resistance of the layer was 8 x 10 2 n • era Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 
25 [0086] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 1 .61 m/W. The half lifetime of the device was 1 500 hours. 

[Example 10] 

30 [0087] Example 10 of the invention is described. The structure of the organic EL device of Example 10 is the same 
as that of the device of Example 1 . In Example 1 0, however, the counter electrode was of AJ but not A!:Li . At has a work 
function of at least 4.0 eV, and is highly durable. 

[0088] In addition, in Example 10, an oxide layer of in-Zn-Ba-0 serving as the inorganic non-degenerate semicon- 
ductor layer was formed through sputtering. The oxide has hole conductivity and is transparent 
35 [0089] For the sputtering, the atomic ratio of In to In, Zn and Ba was controlled to fail between 0.57 and 0.6, and the 
atomic ratio of Ba to In, Zn and Ba was to fall between 0.1 and 0.23. The output power for the sputtering was 20 W. The 
other conditions for the sputtering were the same as those in Example 1 . 

[0090] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 1 0 was 
3.0 eV t as in Table 1 below. The specific resistance of the layer was 4 x 10' 2 o • cm. Regarding its morphology, the inor- 
40 ganic non-degenerate semiconductor layer was found amorphous. 

[0091] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 2.11 m/W. The half lifetime of the device was 3200 hours. 

[Example 11] 

46 

[0092] Example 1 1 of the invention is described. The structure of the organic EL device of Example 11 is the same 
as that of the device of Example 10. In Example 1 1 , however, an oxide layer of In-Zn-Sr-O serving as the inorganic non- 
degenerate semiconductor layer was formed through sputtering. The oxide has hole conductivity and is transparent. 
[0093] For the sputtering, the atomic ratio of In to In, Zn and Sr was controlled to fall between 0.57 and 0.6, and the 
so atonic ratio of Sr to In, Zn and Sr was to fall between 0.1 and 0.23. The other conditions for the sputtering were the 
same as those in Example 1 . 

[0094] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Example 1 1 was 
2.8 eV, as in Table 1 below. The specific resistance of the layer was 3 x 10" 2 n • cm. Regarding its morphology, the inor- 
ganic non-degenerate semiconductor layer was found amorphous. 
55 [0095] A constant voltage of 7.5 V was applied to the device, and the luminous efficiency of the device driven in that 
condition was 2.41 m/W. The half lifetime of the device was 4000 hours. 
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[Example 12] 



[0096] Example 12 of the invention is described. The structure of the organic EL device of Example 12 is the same 
as that of the device of Example 1 . tn Example 12. however, PAVBi of the following formula (1) was used for the organic 
light-emitting layer. PAVBi has hole transporting ability. 



[Q097] A constant voltage of 7.5 V was applied to the device. The device driven at the constant voltage gave an ini- 
tial luminance of 210 cd/m 2 , and its luminous efficiency was 2.31 m/W. The half lifetime of the device was 1300 hours. 
The device emits bluish green light. 

[0098] Some examples comprising a combination of an organic light-emitting layer of PAVBi and an electron injec- 
tion layer of an oxadiazole derivative are known. Having the combination, the luminous efficiency of the known devices 
ts high, but the life thereof lasts 50 hours and is extremely short. 

(Reference Example) 

[0039] Reference Example for the invention is described. The structure of the organic EL device of Reference 
Example is the same as that of the device of Example 1 2. Being different from that of Example 1 2, however, the device 
of Reference Example does not have the inorganic non -degenerate semiconductor layer of In-Zn-Si-O. 
[0100] A constant voltage of 5 V was applied to the device. The device driven at the constant voltage gave an initial 
luminance of 180 cd/m 2 , and its luminous efficiency was 2.01 m/W. The half lifetime of the device was 800 hours. 

(Comparative Example 1) 

[0101] Comparative Example 1 is described. The structure of the organic EL device of Comparative Example 1 is 
the same as that of the device of Example 1. In the device of Comparative Example 1. however, TPD of the following 
formula (2), which is an organic hole injection material, was used in place of the inorganic non-degenerate semiconduc- 
tor layer. 



[01 02] A constant voltage of 6.5 V was applied to the device. The device driven at the constant voltage gave an ini- 
tial luminance of 130 cd/m 2 , but its hatf lifetime was only 120 hours. 

(Comparative Example 2) 

[0103] Comparative Example 2 is described. The structure ol the organic EL device of Comparative Example 2 is 
the same as that of the device of Example 1 . In Comparative Example 1 , however, a hole-conductive microcrystalline 
Si (P-MC-Si) layer serving as the inorganic non-degenerate semiconductor layer was formed through plasma CVD. its 
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thickness was 30 nm. 

[0104] In forming the layer, used was a plasma CVD apparatus, in which the RF output power was 800 W, the sub- 
strate temperature was 300°C, and the pressure was 20 mTorr A mixed gas of SiH4/H2B2H6 (6000 ppm) was intro- 
duced into the chamber of the apparatus. 
s [0105] The band gap energy of the inorganic non-degenerate semiconductor layer in the device of Comparative 
Example 2 was 2.3 eV. The specific resistance of the layer was 1 x 1 0 5 n • cm. 

[0106] A constant voltage of 6 V was applied to the device. The device driven at the constant voltage gave an initial 
luminance of 120 cd/m 2 , but soon gave 10 cd/m 2 . Its luminous efficiency was only 0.21 m/W, and its half lifetime was 
only 10 hours. 

w [0107] Comparing Comparative Examples 1 and 2 with Example 1 , it is understood that the stability for hole con- 
duction of the inorganic semiconductor is much higher than that of the organic compound. It is also understood that the 
inorganic non-degenerate semiconductor layer having a high level of band gap energy has electron barrier properties 
and has high stability for hole conduction. 

is (Comparative Example 3) 

[0108] Comparative Example 3 is described. The structure of the organic EL device of Comparative Example 3 is 
the same as that of the device of Example 1 . In Comparative Example 3, however, the inorganic non-degenerate sem- 
iconductor layer was of InZnO. The carrier concentration in the InZnO layer is 10 20 cm' 3 . The specific resistance of the 
20 InZnO layer is 5 x 1 0" 4 n • cm and is small. 

[0109] A constant voltage of 6 V was applied to the device. The luminous efficiency of the device driven in that con- 
dition was only 0.251 m/W. It is believed that the reason why the device has such a low luminous efficiency will be 
because the carrier concentration in the inorganic non-degenerate semiconductor layer is high. 

25 INDUSTRIAL APPLICABILITY 

[0110] As described in detail hereinabove, the inorganic non-degenerate semiconductor layer in the organic EL 
device of the invention is formed of an amorphous material or a rracrocrystailine material. Therefore, in the device of the 
invention, the inorganic non-degenerate semiconductor layer is well planarized with no surface roughness that may pro- 
se duce a leak current. As a result the luminous efficiency of the device is improved. 

[01 1 1 ] What is more, in the device of the invention, the band gap energy of the inorganic non-degenerate semicon- 
ductor layer is larger than that of the organic light-emitting layer. As a result, the excited state having been produced in 
the organic light-emitting layer is prevented from being inactivated through energy movement from the organic light- 
emitting layer to the inorganic non-degenerate semiconductor layer. Accordingly, the luminous efficiency of the device 
35 is improved. 



Fig. 1 
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Claims 

1. An organic electroluminescent device having a structure of a first electrode layer, an inorganic non-degenerate 
so semiconductor layer, at least one organic layer including an organic light-emitting layer, and a second electrode 
layer as laminated in that order, wherein said inorganic non-degenerate semiconductor layer includes an amor- 
phous material or a microcrystalline material, and its band gap energy is higher than the band gap energy of the 
organic light-emitting layer. 

as 2. The organic electroluminescent device as claimed in claim 1 , wherein the band gap energy of said inorganic non- 
degenerate semiconductor layer fails between 2.7 eV and 6.0 eV. 

3. The organic electroluminescent device as claimed in claim 1 or 2, wherein said inorganic non-degenerate semicon- 
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ductor layer is for hole conduction. 

4. The organic electroluminescent device as claimed in any one of claims 1 to 3, wherein said inorganic non-degen- 
erate semiconductor layer is for electron conduction. 

5 

5. The organic electroluminescent device as claimed in any one of claims 1 to 4, wherein said inorganic non-degen- 
erate semiconductor layer comprises, as the main component, an oxide or oxynrtride of at least one element of Ba, 
Ca, Sr, Yb, Al, Ga, In, Li, Na, Cd, Mg, Si, Ta, Sb and Zn. 

10 6. The organic electroluminescent device as claimed in daim 5, wherein; 

said inorganic non-degenerate semiconductor layer is of an oxide or oxynrtride of an element combination of any of; 

In and Zn, 

In, Zn and Al, 
75 Al, Zn and Si, 

In, Zn and Si, 

In, Zn and Ti, 

In, Zn and Sb, 

In, Zn and Yb, or 
20 In, Sn and Ta 

7. The organic electroluminescent device as claimed in any one of claims 1 to 6. wherein the carrier concentration in 
said inorganic non-degenerate semiconductor layer fells between 10 19 cm* 3 and 10 12 cm* 3 . 

25 8. The organic electroluminescent device as claimed in any one of claims 1 to 7, wherein the local level density in said 
inorganic non-degenerate semiconductor layer is smaller than 10 17 cm' 3 . 

9. The organic electroluminescent device as claimed in any one of claims 1 to 8, wherein said inorganic non-degen- 
erate semiconductor layer is of an oxide of essentially In. 

30 
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